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ABSTRACT 
We present a case study of how Human-Computer 
Interaction (HCI) theory is reused within the field. We 
analyze the HCI literature in order to reveal the impact of one 
particular theory, the trajectories framework that has been 
cited as an example of both contemporary HCI theory and a 
strong concept that sits between theory and design practice. 
Our analysis of 60 papers that seriously engaged with 
trajectories reveals the purposes that the framework served 
and which parts of it they used. We compare our findings to 
the originally stated goals of trajectories and to subsequent 
claims of its status as both theory and strong concept. The 
results shed new light on what we mean by theory in HCI, 
including its relationship to practice and to other disciplines. 
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INTRODUCTION 
The nature of theory is a longstanding topic of debate in HCI. 
While even undergraduate and postgraduate HCI textbooks 
[4, 6, 9, 21, 22] routinely offer accounts of different examples 
of HCI theory, the research community remains engaged in 
protracted discussions as to its nature, status and utility. This 
debate has ranged across histories of HCI theory [12], ways 
to identify different types of HCI theory [3], analyses of 
trends in theory development [20] and the relationship of 
theory to practice [63].  
Of particular interest here are two recent threads of 
discussion. First, are attempts to broadly characterize the 
nature of HCI theory, most notably Bederson and 
Shneiderman’s 2003 classification of HCI theory [3] and 
Rogers’ subsequent 2012 extension of this to address 
“contemporary” HCI theory [20]. Second, are recent 
attempts to bridge between theory and application, most 
notably Höök and Löwgren’s “strong concepts” [63]. 
We offer a case study to further illuminate this discussion. 
Specifically, we chart the life of a potential theory from its 
first exposition to its uptake and use by others. The particular 
theory we follow is the trajectories conceptual framework 
(henceforth called trajectories or trajectories framework), a 
suite of related concepts intended to express the nature of 
user journeys through hybrid physical-digital experiences. 
We have chosen this example because it has been cited both 
by Rogers as an example of contemporary HCI theory [20] 
and by Höök and Löwgren as a strong concept [63], but also 
because its expression as a rich vocabulary makes it 
particularly well suited to tracking its use in literature. As 
something that is evidently of interest to those who 
themselves are interested in theory, and also something that 
appears to sit somewhere between theory and ‘not-quite-
theory’, trajectories offer a prima facie case for shedding 
light on what we mean when we talk of theory in HCI. 
Our method involves a systematic review and coding of 60 
papers that seriously engaged with trajectories in order to 
understand both the purpose the framework served and 
which of its constituent concepts were of use. The results 
paint a complex picture of the life of a theory; one that in part 
affirms, but that also challenges, contemporary notions of 
theory in HCI. 
Our main contributions are therefore (a) to provide a method 
to survey and analyze the use of HCI theoretical constructs 
and (b) to participate in the global conversation on theory in 
HCI. Another secondary contribution is the guidance our 
work may provide for people specifically interested in 
trajectories. 
WHY IS THEORY SO CHALLENGING FOR HCI? 
We begin by considering why defining the nature and utility 
of theory appears to be such a challenge for HCI in the first 
place. We suggest that many theory tensions arise from two 
fundamental characteristics of HCI research. 
The first is its breadth. Since its birth, HCI research is often 
described in terms of passing through several ‘paradigms’ or 
‘waves’ during which the field has turned to different 
disciplines – including psychology, sociology and design – 
in search of inspiration for ideas, methods and theoretical 
foundations [20]. These disciplines embody very different 
epistemologies, from the scientific foundations of 
psychology, to the grounding of design in the traditions of 
the humanities. It is perhaps then no surprise that HCI often 
appears to be somewhat confused about the underlying 
nature of theory. In response, researchers such as Bederson 
and Shneiderman have attempted to answer the question: 
“what is HCI theory?”, classifying its diverse forms as being 
descriptive, generative, explanatory, prescriptive and 
predictive [3]. Reflection on successive waves of HCI, has 
led Rogers to extend their classification to account for 
“contemporary” HCI theory as also being informative, 
ethnographic, critical, formative and conceptual [20]. 
The second fundamental characteristic of work in HCI 
research communities that affects an understanding of theory 
is its applied nature. Much of HCI is concerned with 
designing new experiences or enabling technologies, which 
inevitably raises the question: “what is HCI theory for?” Or 
often more specifically, how does it inform design of one 
kind or another? Many researchers have wrestled with this 
thorny issue. Gaver, for example, argues that, in contrast to 
theories grounded in a scientific epistemology, design-
oriented theory in HCI is inherently provisional, contingent 
and aspirational [11]. Of particular interest here, Höök and 
Löwgren argue for “strong concepts” that bridge between 
theory and design practice, are generative of ideas, address 
interactive behavior, and embody potential design solutions 
that can be appropriated by designers and researchers. 
By presenting a detailed case study of a conceptual 
framework that has been claimed as both contemporary HCI 
theory by Rogers and as a strong concept by Höök and 
Löwgren, we seek to explore the core questions of “what is 
HCI theory” and “what is HCI theory for”, shedding new 
light on the tension between theory and practice. At the same 
time, in doing this case study we can enrich the trajectories 
framework itself, suggesting an empirically-driven form of 
practical theory development for HCI. 
METHOD  
Our approach is to undertake an analytic literature review. 
There are, of course, numerous examples of HCI research 
based on literature review, for example looking at the 
production of theory [20], adoption of methods such as 
ethnography [8] and human computation [17], or 
summarizing progress in specific areas such as Mobile HCI 
[13, 14] to name just a few. There are also examples of using 
bibliometric analysis to explore issues such as the nature of 
publications from different countries and organizations and 
the merit or otherwise of CHI Best Paper awards [2], 
conducting co-word analysis to establish a broad thematic 
mapping of the field [15], and even applying bibliometrics to 
rank individual scholars [16].   
Our approach sits somewhere between the two. We have 
been inspired by Boehner et al.’s study of the impact of 
cultural probes on HCI methodology in which they traced 
and analyzed literature that cited the spread of probes, 
revealing how the original notion of a cultural probe was 
reinterpreted to inform many variants [5]. Our approach also 
echoes how Kjeldskov and Paay [13] coded their review of 
mobile HCI literature along two dimensions (purpose and 
methods), although we’re less interested in the global 
purpose and contents of papers but rather focus on the use of 
one specific conceptual framework, which may be a more or 
less central feature of each paper. 
We began by identifying three works—two papers and a 
book—that constitute the original academic sources of the 
trajectories framework. We then looked at bibliographical 
databases to identify works that cited any of these. Starting 
from over 250 distinct works, we narrowed the list down to 
60, selecting only those papers that we considered to be 
actively engaging with the trajectories framework. We then 
analyzed the resulting corpus, carefully reading the papers 
and developing a coding scheme to classify them according 
to (i) the purpose behind using trajectories and (ii) which 
particular trajectory concepts they employed. 
We then use this analysis to ground our discussion on 
whether uses of trajectories correspond to three claims that 
have been made about them: (1) their authors’ claim about 
how they should be used, (2) Rogers’s review of theory in 
HCI and (3) that they are a “strong concept”. We note that 
this transition from analysis to discussion has required a 
certain amount of interpretation, but we believe this 
interpretative effort by us as authors mirrors the 
interpretative achievements of the users of trajectories. 
THE SOURCE TRAJECTORY LITERATURE 
We begin by introducing the three source publications [27, 
29, 28] that, according to the originators of trajectories, 
constitute the authoritative source of the framework. We 
introduce the main concepts and vocabulary of the 
framework so that we can refer to it in later discussions. We 
introduce the three sources chronologically, beginning with 
temporal trajectories [8], a subset of the more general 
interactional trajectories framework [10], that was then 
expanded in the book Performing Mixed Reality [9]. We use 
the term original trajectories to refer to all three. 
Temporal Trajectories in Shared Interactive Narratives 
The temporal trajectories framework [27] is based on the 
description of temporal structures in Day of the Figurines, a 
mixed-reality game by artist collective Blast Theory [10]. 
Temporal trajectories are defined the expression of a 
mapping between story time (as the game involves events 
unfolding over 24 hours in a fictional world) and clock time 
(the actual time in which the story is accessed). Three types 
of trajectories are introduced: 
• Canonical trajectories, i.e. temporal mappings as 
envisioned by experience authors. 
• Participant trajectories, represent temporal mappings as 
actually experienced by participants. The gap between 
these two types of trajectories arises from the level of 
control participants have over their own trajectory. 
• Historic trajectories, which are retellings of past 
trajectories, synthesized from recorded data. 
From Temporal to Interactional Trajectories 
The notion of interactional trajectories was introduced a 
year later [29], informed by the description of three more 
experiences: two mixed reality performances and an 
augmented fairground ride. This significantly expanded the 
concepts in the framework to include: 
• A trajectory itself is defined as a coherent journey through 
a user experience. 
• The hybrid structure of experiences defines a set of 
complex dimensions that the journey traverses. These 
dimensions are time (the subject of temporal trajectories), 
but also space, roles and interfaces. 
• Transitions describe points in the trajectory where 
continuity is at risk. This includes a number of specific 
transitions, such as beginnings, endings, transitions 
between episodes or seams in the infrastructure. 
• Managing trajectories, in order to balance the tension 
between participant and canonical trajectories as they 
diverge due to interaction and ensuring they converge 
back again through orchestration. 
• Interleaved trajectories describe the social and 
collaborative aspects of trajectories.  
These five groups of concepts are introduced in five sections 
of the article, followed by a one-column summary providing 
a concise expression of “a conceptual framework for 
trajectories” [29 p. 716]. We note that the paper doesn’t 
include the previous concept of historic trajectories. 
This paper also proposes intended uses of the framework, as 
well as classes of experiences to which it may be applied. 
These are defined in the paper as “cultural experiences” and 
include museum tours, artistic performances and games [29 
p. 709], but extensions beyond these are also suggested, most 
notably towards learning [29 p. 716]. Below we list the 
framework’s four “possible uses” which we return to later to 
reevaluate in light of our analysis: 
1. A sensitizing concept to inform future studies. 
2. A vehicle for compiling craft knowledge, which describes 
the process that embeds the practical knowledge of 
experience creators into a conceptual framework. The 
originators suggest it is an ongoing process. How this 
knowledge informs the design of experiences is left open, 
though guidelines and design patterns are mentioned. 
3. Identifying requirements for future technologies. This calls 
for building technologies that specifically support 
trajectories or elements of the framework. 
4. Enabling a dramaturgy of interactive user experiences, 
which includes acting as a bridge between the fields of HCI 
and Performance Studies. 
Performing Mixed Reality 
The last source for trajectories is a 2011 book [28]. The 
framework itself is expressed in the last chapter [28 pp. 229-
268] whose structure mirrors that of [29], but with expanded 
descriptions of the elements of the framework, the return of 
historic trajectories, and the extensive use of trajectory 
diagrams. The book also includes in-depth reflection on the 
artistic experiences that fed into the framework, as well as 
interviews with practitioners and researchers, potentially 
offering another way of accessing the craft knowledge 
embedded in trajectories. Compared with the two papers 
above, it shows a stronger Performance Studies perspective, 
being written with both HCI and Performance communities 
in mind. We also note that, unlike the earlier two papers, 
Performing Mixed Reality explicitly labels trajectories as 
being a theory [28 p. 263]. 
60 USES OF TRAJECTORIES IN THE HCI LITERATURE 
We now present the process through which we built our 
corpus of publications that cite and engage with trajectories. 
The broader corpus 
We started by looking at a selection of bibliographical 
databases to identify publications citing the three original 
trajectories works. We surveyed four different 
bibliographical databases: the Association for Computing 
Machinery’s Digital Library (ACM DL), Google Scholar, 
Scopus and Web of Science. Table 1 shows the numbers of 
papers discovered for each source paper and each database. 
Citing ACM DL 
Google 
Scholar Scopus 
Web of 
Science 
Temporal 
Trajectories [30] 26 54 6 4 
Interactional 
Trajectories [29] 58 150 26 16 
Performing Mixed 
Reality [28] 37 139 
Not 
found 
Not 
found 
Table 1. Result counts in databases (August 20th, 2016) 
We first look at the whole result set and at overlaps between 
databases (all but 2 publications, which we identified 
through Scopus are covered by Google Scholar). Doing so, 
we grouped duplicates (either wrongly split by the database, 
or multiple chapters of a book by a single author) and 
removed references for which we could not find any 
information beyond the title and author. That process yielded 
263 references. 
Table 2 lists the most frequent types of publications and 
venues. Types not listed include conference adjunct 
proceedings (such as workshops), magazines, project 
reports, patents and papers whose status is less easy to 
determine. They include texts found on authors’ own 
websites, which may comprise rejected papers or internal 
presentations. As expected given the book’s ambitions, 
citations of Performing Mixed Reality include a broader 
number of arts-oriented journals, such as Digital Creativity 
or the International Journal of Performance Arts and Digital 
Media. We also looked at the presence of the framework’s 
originators, who are co-authors for 38 of the 263 references. 
Publication Type 
2008 
paper 
[30] 
2009 
paper 
[29] 
2011 
book 
[28] 
Total 
Conference papers 
(main proceedings) 20 58 26 92 
ACM CHI 6 10 5 18 
ACM DIS 1 5 2 7 
Journal papers  9 28 33 63 
Digital Creativity — 1 8 8 
ACM ToCHI 3 4 3 7 
Books or chapters 2 23 22 41 
Theses, Dissertations 8 20 17 37 
Other publications 7 12 14 30 
Total 46 141 111 263 
Table 2. Publications found by type and source cited 
The narrower corpus 
We then narrowed down this corpus to papers that we judged 
to be relevant to our study of the use of trajectories. We 
weeded out papers where trajectories aren’t mentioned (e.g., 
when cited only to mention Blast Theory works, or as a proxy 
to access other concepts imported from other works, such as 
seamful design [7] which itself is incorporated in the 
trajectories framework). We also excluded papers where 
there was no evident purpose or depth to their engagement 
with trajectories.  
We thus reduced the corpus to 60 papers, including 14 co-
authored by an originator of the three sources of trajectories 
(numbered 30-43 and in red italics hereafter). The 
publications in this narrowed corpus fall on a continuum 
between classic HCI venues such as CHI, design-oriented 
venues such as the DIS or the Interaction Design and 
Architecture (IxD&A) journal, and finally humanities-
oriented venues such as Digital Creativity or the Nordic 
Digital Excellence in Museums (NODEM) conference. Our 
narrowed corpus leans more heavily towards the HCI end, 
with 10 CHI and 6 DIS papers. 
FINDINGS: HOW ARE TRAJECTORIES USED? 
We now present our findings, based on the two dimensions 
of coding we applied to this set: what purpose trajectories 
serve in a paper and which of its concepts are employed. For 
each of these, we performed a non-exclusive classification of 
our 60 papers. The categories and descriptions we use relate 
to how authors have accounted for their research in their 
writing, and may not correspond to how the research itself 
was conducted.  
The PURPOSE of using trajectories 
We identified four main purposes for using trajectories, 
which we describe in the following sub-sections, including 
generally situating one’s work, analyzing user behaviors 
and/or designs, generating designs and finally a conceptual 
use, where they help build or critique concepts. 
Purpose 1: Situating the work 
The first purpose we identified was to include trajectories as 
part of a literature review. This is generally easily 
identifiable from the presence of trajectories in sections titled 
“Introduction” or “Related work”. 31 papers in our corpus 
share this purpose, 6 with a trajectories originator as author. 
Two papers [56, 59] specifically mention trajectories’ role as 
a bridge between HCI and performance, echoing the 
framework’s fourth “possible use”. Interestingly, one of 
these [59] uses their review to identify a gap in literature, 
suggesting the lack of bridges between networked music 
performance and trajectories and similar work. We identified 
one paper where trajectories served no other purpose in our 
coding [69], with a review of mixed reality performances 
mentioning the 2009 paper mainly to cover Blast Theory’s 
works, but also quickly describing trajectories as the 
outcome of these studies.  
Purpose 2: Analyzing and describing an experience 
28 in our selection of papers use trajectories to analyze or 
describe experiences as trajectories in a variety of ways. The 
depth of this description varies widely, along a spectrum that 
runs from simply labeling experiences as trajectories with 
relatively little analysis [e.g. 79, 80], to engaging with a 
number of concepts in the trajectories framework (as we’ll 
discuss in the next subsection). 
A common way of presenting the analysis of trajectories is 
to draw diagrams showing how an experience unfolds, found 
in 7 papers. In most cases, trajectories are plotted along a 
horizontal axis showing time [34, 38, 39, 55, 77, 86, 87], but 
there are examples of them being shown as an overlay on the 
map of a space [74, 87]. Plotting trajectories is also an 
activity that researchers have asked participants to do to 
probe their experience [75]. 
One paper reported on using a systematic method for 
analyzing participant’s experiences that takes into account 
trajectories, elaborating a coding scheme for interview data, 
based in part on concepts from the framework [66]. In this 
category, we also include a paper that suggests trajectories 
could be used “as a metric for evaluating […] experiences” 
[47] and five [30, 43, 73, 79, 83] who map trajectories to 
descriptions that are grounded in hypothetical accounts of 
experiences than user studies. 
Purpose 3: For designing experiences 
We divide the 24 papers for which we identified a design 
purpose into two sub-categories: actual (9) and prospective 
designs (15), which we describe in more detail below, 
focusing in particular on how design is accounted for. 
Purpose 3a: For actual designs 
Although only 9 papers show trajectories as explicitly used 
for designing experiences, there may be more: two papers 
analyze or describe trajectories before a design activity, but 
don’t show whether these trajectories had an impact on 
design [75, 83]. In two other cases [76, 88], the structure of 
the paper, where authors include trajectories in a review of 
related work, then present an experience they’ve designed 
themselves and finally analyze the experience using 
trajectories, suggesting that the framework may either have 
been used early on in the research project to support design 
or later when looking for analytical tools. 
There are different degrees with which these 9 papers 
account for how trajectories are incorporated into designs, 
ranging from only stating that authors have taken trajectories 
into account [e.g. 74] to systematically using a number of 
framework elements [e.g. 38]. We found a few indications of 
how trajectories have been part of design methods and 
processes, although the description of “how” is far less 
systematic than of “what”. Processes include first authoring 
a script, then considering supporting resources [74], 
speculating about how an element (an animated character in 
[85]) would entice participants into a trajectory, and an 
iterative design process in which detecting dropouts in early 
versions led to a refined experience [89]. 
Other accounts of design processes in this subset of our 
corpus tend to focus on external requirements, such as site-
specific constraints [42], or coordinating with stakeholders 
(e.g. a sound designer [38], museum staff [84]). In 6 of these 
9 papers, the evaluation of the experience connects back with 
trajectories (counted in the sub-section above). 
Purpose 3b: For prospective designs 
15 papers suggest that using, or at least taking into account, 
trajectories helped with the design of future experiences. 
Rather than suggesting iterative improvements to systems 
presented by the authors, in most cases (13), trajectories 
raised novel design requirements for a class of experiences. 
In the remaining case [82], trajectories helped assemble 
currently distinct experiences. These suggestions are offered 
in the late stages of papers, generally in the “discussion” 
section, and follow either user-centered studies (10 papers 
[34, 41, 43, 54, 55, 57, 60, 79, 82, 86]), surveys of existing 
systems [40] or theoretical works [30, 49, 67, 73]. 
Arguments leading to such suggestions include: 
• Analyzing or labeling an experience as a trajectory and 
suggesting that these trajectory aspects should be 
supported in future designs [55, 60, 41, 79, 86]. 
• Proposing specific design strategies that include, but are 
not limited to, trajectories [40]. 
• Reflecting on how aspects of an experience could 
hypothetically be mapped with trajectories [43, 73]. 
• Drawing requirements (e.g. balancing elements of an 
overall experience [57] or accounting for changes in the 
context of use [67]), then suggesting trajectories may 
address these requirements. 
• Expanding the scope of trajectories by describing how 
they fit one class of experiences and how this knowledge 
could inform others ([30] suggests transpositions from 
theatrical to musical performances, and [34] from 
miniature wargaming to the Internet of Things). 
Purpose 4: Discussing and building concepts 
The most frequent purpose we have identified is to call on 
trajectories during discussions of other HCI concepts, which 
accounts for 38 papers in our corpus. In this subsection, we 
provide a non-exhaustive list of different ways in which 
trajectories have led to building concepts, including 
comparing and borrowing concepts, as well as building 
implicit and explicit extensions to the framework. 
Purpose 4a: Comparing with existing concepts 
Several works review trajectory concepts early in the paper. 
This use tends to overlap with the “situating” purpose listed 
above. For example: 
• Cerratto-Pargman et al. [56] compare different analytical 
frameworks before setting out on their analysis of a 
theatrical performance (finally ruling trajectories out). 
• Although they don’t consolidate it into a conceptual 
framework, Calori et al. [55] draw together a number of 
sources, including trajectories and concepts from 
education research to establish a taxonomy that they use as 
a frame of reference when analyzing an experience. 
Purpose 4b: Comparing with resulting concepts 
Another way papers employ trajectories is by first building 
their own concepts independently and then comparing them 
with either the full framework or its components: 
• Benyon’s blended spaces [48, 49, 50, 51] that resonate 
with trajectories’ hybrid spaces. 
• Bowser et al.’s [53] Prototyping for Location, Activities, 
and Collective Experience (PLACE) framework, with 
aspects close to the four hybrid dimensions of experience. 
• Hansen et al. [62] map a number of the aspects of their 
Alternative Reality Game (ARG) Reusability Framework 
to concepts in temporal trajectories. 
• Höök and Löwgren’s [63] suggestion that trajectories 
share qualities with social navigation and seamfulness that 
make them “strong concepts”. 
• In contrast, Rossitto et al. [80] see trajectories as being 
antithetical to their recommendation of “loose coupling 
between narrative and places”. 
Purpose 4c: Borrowing trajectory concepts 
Other authors develop concepts that directly borrow 
elements from trajectories: 
• Barba [46] combines trajectories with cognitive models 
and design theory to build “a theory of meaning for mixed 
reality walking tours”. 
• Barba and McIntyre [47] map a level of their scale model 
of mixed reality with the hybrid spaces in trajectories. 
• Benyon and Mival [50] propose a framework for designing 
collaboration including transitions. 
• Bonsignore et al. [52] see trajectories as occupying the 
close-ended end of her ARG design continuum. 
• Lindinger et al. [70] integrate the balance between 
canonical and participant trajectories and orchestration 
into their principles for participatory performances. 
• Lundgren et al. [72] see trajectories as an inspiration for 
their “mobile collocated interaction framework”, and 
import concepts such as synchronization and pacing. 
• The different components of Wouters et al.’s [87] 
“honeypot model” are connected through trajectories. 
• Yule et al. [88] use the dimensions of experience to map 
out the role of docents as guides through experiences. 
Purpose 4d: Explicitly extending trajectory concepts 
Although two papers listed above explicitly state their 
contribution as being to extend trajectories, these propose 
frameworks that differ widely in structure and contents from 
trajectories. We thus restrict the list below to works that offer 
additions to existing trajectory concepts in ways that fit the 
current structure of the framework. We identified the 
following extensions, mostly from the originators: 
• Considering trajectories on multiple scales [33]. 
• “Trajectories of things”, which drive a new type of 
transition in terms of change of ownership [34]. 
• Considering “group trajectories” as well as feedback 
between canonical and participant trajectories [36]. 
• Two-scale (global and local) trajectories and a specific 
structure for the local trajectory, as well applying them to 
cultural interpretation [37]. 
• A fifth dimension of experience, knowledge that generates 
“parallel trajectories” and transitions at “setups” and 
“reveals” in magic performances [39]. 
• Trajectories may apply to “less structured” experiences, 
i.e. ones without an extended narrative connecting 
multiple episodes of interaction [85]. 
Purpose 4e: Implicitly extending trajectories 
We look at works that echo the types of extensions listed 
above and draw lessons that in our view could have been 
labeled as extensions. In contrast with the above, only one of 
these [35] involves trajectory authors. They include: 
• Showing engagement with trajectories as progressive, 
through an active process of “gearing in” [35]. 
• Exploring role transitions and suggesting ways of 
addressing them [60]. 
• Proposing a mechanism for managing multiple participant 
trajectories that does not rely on top-down orchestration 
but on voluntary synchronization [66]. 
• Suggesting a typology of participant trajectories, which 
can be “dropout trajectories” or “activation loops” [87]. 
• Seeing historic trajectories as either reflections on 
participant trajectories, extensions of them or self-
contained trajectories [77]. 
In the latter case, the authors have not employed the term 
“historic trajectories” themselves as they are referring to the 
paper that doesn’t include them. In all these cases, the 
extensions stay implicit because the authors structure their 
discussion around eliciting a number of themes and 
establishing a main contribution, which do not necessarily 
align with the goal of extending trajectories. In the examples 
above, authors are primarily concerned with establishing 
design guidelines for a specific purpose (increasing 
participation in performances [60] or engagement with arts 
institutions [77]), exploring a design space (theme park 
visiting in [35]), building their own framework [87] or 
understanding a phenomenon (behavior change with an app 
[66]). 
Purpose 4f: Critiques of trajectories.  
Seven papers in our corpus draw the conclusion that 
trajectories are not suited to certain classes of experiences. 
All of these critiques argue that trajectories are too structured 
[65, 71, 80], too close-ended [52, 62], or involve too much 
authorial control and too little agency for participants [37, 
52, 64]. Some of these critiques are justified by explicitly 
stating what characteristics of experiences fall outside the 
remit of trajectories (e.g. ‘everyday interactive artifacts […] 
do not possess any explicit “stories” [71]’). On the other 
hand, some critiques resonate with themes that are present in 
our corpus, with a number of works exploring whether 
trajectories can extend to open-ended, user-created [68] or 
less structured experiences [85], or proposing intermediate 
levels where trajectories “scaffold” the experience [37, 85] 
rather than directing it. This critique resonates particularly 
with the types of experiences described in original 
trajectories, i.e. artist-led, mostly scripted experiences that 
require suspension of disbelief from participants.  
Which trajectory CONCEPTS were used 
Having dealt with the various purposes for which trajectories 
are used, we now turn to the various concepts in the 
framework. Again, we identified four categories, from the 
most general to the most particular: (1) trajectories as an 
example framework, (2) the global idea of trajectories as a 
user journey, (3) mentioning specific components of the 
framework, and (4) detailed instantiations of components. 
Concepts 1: Trajectories as an example framework 
32 of the papers we listed describe trajectories as being an 
example of a theory, a concept and/or a framework. Other 
papers do not describe the nature of trajectories at all, for 
example referring to them as generic “works” or identifying 
trajectories with Blast Theory’s performances. In most 
cases, engaging with the theoretical nature of trajectories 
goes little beyond labeling. Exceptions are: 
• Benford et al.’s [31] description of the method of 
“performance-led research in the wild”, which provides a 
detailed account of the development of trajectories. 
• Höök and Löwgren [63]’s suggestion of trajectories as a 
candidate for being “strong concepts”. 
A number of authors provide accounts of the nature of 
trajectories as a theory. It is often seen as a framework that 
“describes”, “characterizes” or “expresses” experiences [36, 
39,  46, 47, 52, 71, 89] or that helps understand them [60, 
66]. It’s also seen as directed at designers and artists, with a 
more or less prescriptive phrasing (“urging” [53] or 
“encouraging” [34] them or simply suggesting their use to 
“create” [72] or “frame” [85] experiences). 
Concepts 2: Trajectories as a global user journey 
A majority of this corpus (45 papers) label trajectories in a 
form or another as being a global journey through an 
experience. Three papers seem to have a differing global 
definition of trajectories. One refers specifically to 
“interpretative trajectories” [80], building on Fosh [38]’s 
extensions of the framework. The other two draw additional 
concepts into their definition of trajectories: one [55] calls 
upon the concept of learning trajectories from educational 
research [23] and the other [87] on interactive artists’ 
description of interactions as journeys [24]. These 
“composite” characterizations of trajectories are introduced 
early and are used throughout these papers. 
Concepts 3: Mentioning specific trajectory components 
A majority of papers (48) mention one or more of the 
components of the framework we have described. We now 
look at how broadly and how deeply authors have engaged 
with these components. We first looked at how many of the 
five main components of interactional trajectories (types of 
trajectories, dimensions of experiences, transitions, 
managing trajectories and interweaving trajectories) were 
mentioned in each paper. Most papers use narrow sets of 
concepts, with 23 borrowing from only one category, 8 from 
two, 7 from 3 categories, 6 from 4 and finally 5 papers only 
covering the full extent of the framework.  
We then look at the depth of engagement with concepts by 
looking at which papers go beyond a mention or a quick 
description of the elements of the framework. This is the case 
of 31 papers. Engaging in depth with all categories of 
concepts is limited to four papers, all co-authored by one of 
the originators of trajectories, one which suggests the 
application of trajectories to another fields [30], two that use 
trajectories to analyze existing experiences designed by 
artists [33, 36] and one to design and evaluate a new 
experience [38]. 
Some concepts are more frequently cited, such as hybrid 
dimensions of experience (25 papers), transitions (25) or 
canonical trajectories (22), while interleaving trajectories 
(15) and historic trajectories (10) enjoy less success, the 
latter being only used 4 times in works that don’t involve a 
trajectory author. 14 of the works that engage with the 
framework at the level of its components do not describe 
what a trajectory is at the global level. One of these [66] does 
not even mention the word “trajectories” at all, the paper 
looking at trajectory elements as being characteristics of 
“hybrid experience”. 
Concepts 4: Worked instances of trajectory concepts 
In the fourth approach, papers engage with trajectories by 
providing more detailed examples, seen in 24 works. In most 
cases, these instances are grounded in analyses of 
experiences, with a strong overlap (21 papers) with the 
analytical purpose from the previous subsection. Other 
sources for these examples come from descriptions of 
designs [38, 42, 61, 77, 85, 84] or from fleshing out examples 
in literature [88]. Examples of how trajectories are 
instantiated include: 
• [33, 38, 42] show step-by-step examples of canonical 
trajectories in existing experiences or their own designs. 
• [33, 36, 38, 41, 83, 85, 87] provide instances of role 
transitions; [38, 76] of seams (GPS inaccuracy); [33, 77, 
85, 86] of beginnings and endings, including premature 
endings or “dropouts” [87, 89]; and [33, 23] of 
orchestration by teachers and facilitators respectively. 
• Participant trajectories are represented as diagrams, 
which may also map other concepts (transitions and 
hybrid dimensions of experience for [86], roles for [87], 
orchestration for [55]). 
We also include in that section intermediate-level 
descriptions, which are slightly more abstract than ones 
extracted from a specific instantiation of trajectories, but are 
applied to a class of experiences. Often, this backs up claims 
that trajectories could potentially address new types of 
experiences [30, 43, 79]. For example, [7] suggests a 
potential use in musical performances of each concept. 
DISCUSSION 
Our analysis reveals a complex picture of multiple ways in 
which trajectories has been used in HCI research, both in 
terms of purpose and of the choice of particular concepts 
within the framework. It appears that trajectories is used to 
situate other work, analyze existing experience, sometimes 
(but perhaps less so) to justify the design of new ones, and 
often to discuss or help build further concepts. Citations 
suggest that the most common use by the original authors is 
as a sensitizing concept to analyze studies of cultural 
experiences while the most common use by others appears to 
be to relate trajectories in some way to other concepts. Not 
all trajectory concepts are equally popular. Rather, it seems 
that many researchers are happy to pick and choose concepts 
from within the overall framework, often treating them 
superficially, but sometimes in depth, but with only a few 
papers attempting to apply it in its entirety. This may not 
seem surprising given how trajectories are highly open to 
interpretation rather than prescribing a specific use and that, 
whether or not we consider them to be theory, HCI as a 
discipline doesn’t seem to have developed a consensus on 
what a theory is or how it should be used. 
So how can we make further sense of this complexity and 
what does it tell us about HCI theory? To answer this 
question, we consider our findings from three angles: 
1. How they stack up against the originators’ own claims 
for the trajectories framework’s utility in HCI? 
2. How they compare to Rogers’ claims that trajectories 
are an example of contemporary theory in HCI? 
3. How they compare to Höök and Löwgren’s claim that 
trajectories are a strong concept in HCI? 
Comparing trajectories with the originators’ claims 
Here we return to the “possible uses” of trajectories that 
were suggested by the originators. Our findings paint a 
mixed picture, with evidence of three out of four of these 
being met to some extent, while also revealing an 
unanticipated use in the form of building further theory. Here 
we review all five: 
(i) As a sensitizing concept – we found numerous examples 
of studies that have employed trajectories in the analysis and 
write-up process. This has arguably been the easiest use to 
identify, perhaps because some form of grounded analysis of 
studies is a popular kind of published output within HCI. 
(ii) As a vehicle for compiling craft knowledge – the case 
here is less compelling. We found evidence of the use of 
trajectories in design reported in nine papers, although 
accountability was often lacking, both in terms of the extent 
and rigor with which the concepts had been embedded in the 
designs and/or supporting methods. It may be that the 
presentation of design-oriented research remains difficult in 
HCI as noted by Wolf et al. [25] who see “communications 
within the CHI research community” as “contrary to the 
nature of design”, and also by Gaver in his proposal for 
annotated portfolios as an outcome of research through 
design [11]. 
(iii) Identifying requirements for new technologies – for 
this third ambition, we have not identified any examples of 
papers describing a technology that explicitly addresses a 
specific concept or set of concepts from the framework. 
Perhaps this particular framework is not implementable? Or 
maybe there is an even larger disconnect between theory and 
technology development in HCI than there is between theory 
and design? 
(iv) Enabling dramaturgies – writing as HCI researchers, 
evaluating the outcome of trajectories in terms of new 
“dramaturgies” may be beyond our competence, but we have 
identified a number of papers that engage with trajectories 
to describe performances within performance studies and 
digital arts publications and relate them to theories from 
theatre and drama. Two of these clearly state their purpose 
as being to inform dramaturgy [60, 70]. 
(v) An additional outcome – building new HCI theory – 
our findings show evidence that trajectories have contributed 
to the building of other concepts, some of which have been 
labeled “theories” or “frameworks” by their authors. While 
we see a number of new concepts being developed, few 
beyond the originators have complemented or extended the 
framework with their own findings. Maybe such concepts are 
“like your toothbrush, fine for you to use but no one else is 
very interested in using it” [reported by 19]. Perhaps there is 
a lack of incentives for research teams to complement each 
other’s theories, offering some grounds for concerns about 
HCI’s “theory industry” [20]. Or perhaps, unlike software 
development, theories are not yet articulated in a way that 
makes them open and readily extensible. 
Trajectories as HCI theory 
We now broaden our perspective away from the originators’ 
own claims to examine those of others. As part of a historical 
survey of theory in HCI research, Rogers listed trajectories 
as a “successful” application of contemporary theory in HCI 
[20]. In the same book (which also labels trajectories as a 
“conceptual framework”), she introduces a typology of 
theory, drawing both upon a previous review by herself [19] 
and existing categories proposed by Bederson and 
Shneiderman [3]. As Rogers does not explicitly specify 
where trajectories fit within these, we now review this 
typology. We compare, on one hand, both the original 
trajectory literature and the corpus we’ve analyzed, and on 
the other hand descriptions of theory types to identify which 
of these may best describe trajectories. First, we evaluate 
Bederson and Shneiderman’s original types, which they 
consider as being non-exclusive: 
• Trajectories are descriptive, as they “clarify terminology 
[…], identify key concepts [and] guide further enquiry”, 
and are frequently characterized as such in literature. 
• Papers that use trajectories to support design give 
evidence of them being generative as they “enable 
practitioners to invent or discover something new”, 
although how designs should be generated isn’t explicated 
by either the framework’s originators or its users. 
• Trajectories match their definition of explanatory theory 
as they help find “combinations that fail or succeed”. Other 
authors identify them as such [60, 66]. 
• Trajectories may be prescriptive according to their 
definition, as they “convey guidance for […] design by 
recording […] known dangers”, although they are not 
phrased as prescriptive guidelines. One endeavor to use 
trajectories in a systematic way [38] and one 
characterization of the framework [53] in particular 
connect to this prescriptive nature. 
• Whether trajectories are predictive may be open to 
interpretation depending on one’s expectations of the type 
and strength of predictions theory should make. Even 
though participant trajectories have been described as 
made of “unpredictable choices” [87], labeling transitions 
as “moments at which […] continuity is at risk” [29] may 
constitute such a prediction about user performance. 
We now turn to Rogers’s [20] extensions: 
• Trajectories are informative, as they seek to examine 
“knowledge and generalizations from another field” (i.e., 
performance, arts, etc.) and “couch understandings and 
designs” using a particular language. 
• Although trajectories are described in subsequent work as 
grounded in ethnographic studies [31], they don’t provide 
detailed descriptions of the experience of either authors or 
participants in interactional journeys. 
• Both the original intentions and uses of trajectories fit the 
description conceptual theory, i.e. to offer “high-level 
frameworks and dimensions for informing and articulating 
design and evaluation”. However, trajectories do not tell 
researchers how design and evaluation should be done. 
• We note that the 2004 paper by Rogers also describes 
formative theory as “provid[ing] a lingua franca; a set of 
easy to use concepts for discussing design” – this appears 
to chime with the intentions of trajectories. 
• Finally, although trajectories are not directly described as 
critical by either their original authors or the rest of the 
literature we identified, they are derived from “critical 
analyzes of practice” [28] and, both in their formation and 
their use, correspond to Bardzell [1]’s description of 
“critical theory as it applies to interaction”. Trajectories 
are an example of “interaction design [that] can develop 
theory” and they “inform the existing design process”. 
Where trajectories seem to differ from critical theory is by 
their lack of orientation towards activism. 
We offer several observations here. Firstly, we found that 
applying the typologies of Bederson and Shneiderman, 
coupled with that of Rogers, is not a straightforward activity. 
On this note, we could add that none of these authors provide 
tools to assess theory types or use. Hence, in several 
instances in the prior section, it is not entirely clear what 
constitutes, say, the threshold for considering a theory 
“prescriptive”. This is likely because the typology trades on 
vernacular meanings yet does not provide formal definitions. 
Secondly, it is possible under both Bederson and 
Shneiderman and Rogers’s schemes for an HCI theory to be 
several types simultaneously in the typology. Thirdly, it is 
unclear whether other theories are more or less likely to 
occupy multiple types e.g. is something that is a “critical 
theory” less likely to have more type affiliations? Fourthly, 
we note that the character of Rogers’s extensions to 
Bederson and Shneiderman differ from their original types. 
The latter describe theory types in terms of adjectival 
qualities, whereas Rogers’s combines this with intellectual 
traditions (e.g., critical), and methods (e.g., ethnographic). 
These challenges aside, it is possible to make a case to fit 
trajectories under a number of these headings. In this sense, 
trajectories might indeed be considered to be a valid HCI 
theory. However, trajectories do not fit some of the noted 
criteria that one would associate with theories from either a 
broad scientific tradition (e.g. being predictive) or that of the 
humanities (e.g. being critical). Indeed, the trajectories 
framework doesn’t appear to be grounded in any 
recognizable or established “big theory” of the kind that was 
imported into HCI in its early days, for example cognitive 
theories from psychology [19]. Perhaps, as a formative 
theory, it does, as Rogers proposes, represent a new form of 
contemporary HCI theory. Perhaps this kind of theory is 
grounded in and emerges from HCI itself rather than being 
imported? It may even be the case that this theory is now 
trying to reach back towards other fields, for example 
towards the arts and humanities as a new dramaturgy. Or 
perhaps, less grandly, trajectories are not theory at all but 
rather something else as we now consider. 
Trajectories as a strong concept 
Höök and Löwgren [63] set up a vertical relationship 
between “instances” and “theory”, identifying trajectories as 
being a “strong concept”, i.e., something that is more 
abstracted than particular instances, yet does not aspire to the 
generality of a theory, although does retain a distinctive 
relationship to it. Trajectories seems to sit comfortably 
“above” particular instances, but it is harder to evaluate 
whether it is “below” theory. The originators of trajectories 
do not help greatly here as the original 2008 and 2009 papers 
do not claim trajectories to be a theory, but the Performing 
Mixed Reality book clearly does. If trajectories do indeed sit 
below theory, then below which theories do they sit? The 
only explicit “vertical grounding” trajectory authors claim 
may be the connection between canonical trajectories and 
plot time in narrative theory, but it does not seem to extend 
to other trajectory concepts. That said, previous 
characterizations of critical theory [1] in HCI show that 
theory itself may be developed from interaction design and 
not only in existing bodies of theory. 
Trajectories do appear to fit more comfortably with other 
features of strong concepts, such as being “generative”, 
concerning “interactive behavior rather than static 
appearance”, and comprising “elements of potential design 
solutions, that can be appropriated by designers and 
researchers” all of which appear to fit the original 
formulation of trajectories and are evidenced to some extent 
by our findings. It is, however, hard to argue that trajectories 
are “potential parts of artifacts”. 
Assessing whether trajectories “work” as a strong concept is 
therefore also tricky. First, our classification showing which 
trajectory concepts were used seems to map with multiple 
levels across Höök and Löwgren’s description of 
intermediate-level knowledge as a continuum between 
instances and theory. Trajectories therefore seem to sit at 
multiple locations in between, from the very top to the very 
bottom, depending on how they’re used. 
If we do consider the framework to be a strong concept, then 
it is worth consider whether and how it operates as a bridge 
between theory and design. First, trajectories doesn’t appear 
to work as a single strong concept, but rather as a flexible set 
of concepts whose “strength” depends both on where they sit 
within the framework and the lenses through which they’re 
engaged with. As we saw earlier, researchers seem happy to 
pick and choose concepts rather than systematically buying 
into the whole framework.  
Also, many of the papers that we reviewed appear to use 
trajectories to develop other concepts. While some papers 
certainly do explore the vertical relationship downwards into 
design, and maybe a few look back upwards towards theory 
(dramaturgy), many of the uses that we see operate 
“horizontally”, with other concepts justifying themselves in 
terms of trajectories, borrowing from them, critiquing them 
and implicitly or explicitly extending them.  It seems that 
there may be a great deal of “churn” in Höök and Löwgren’s 
“intermediate-level knowledge space”. Figure 1 revisits and 
extends Höök and Löwgren’s original diagram that 
positioned strong concepts alongside other concepts and 
methods in the gap between theory and instances. Here we 
suggest how strong concepts may be both structured 
frameworks and singular, that they may often engage with 
one another and with the other inhabitants of the gaps in 
various ways while also connecting to instances and theory. 
 
Figure 1: The churn in intermediate-level knowledge space 
Bridging theory and practice 
Our description of horizontal relationships in the “strong 
concept space” shouldn’t led us to ignore the importance of 
vertical relationships. Bridging between layers is clearly 
important and often difficult. While we have seen some 
evidence from the literature of trajectories bridging 
downwards, it is perhaps difficult to make this assessment 
without examining practice itself. This may be complicated 
by the need to find new ways to put trajectories into practice. 
We acknowledge that might also be because literature review 
is not the best place to look for such evidence—after all, HCI 
theory itself is strongly wedded to the discursive activities of 
reading and writing academic papers so our analysis pertains 
to an explication of those practices rather than those of 
design practitioners. We question whether designers outside 
HCI research (e.g. in industry) would report their work in the 
academic literature and if they did would they cite evidence 
of trajectories? Intriguingly, we recently encountered a 
professional Information Architect who had adopted 
trajectories and adapted them for the User Experience 
community, producing a pamphlet [18], a series of blog posts 
and speaking at UX conferences. It is notable that (1) this 
work did not show up in any sources used to build our 
bibliography and (2) even though this professional has 
identified value for trajectories in their line of work, their 
writings don’t describe any evidence of actual use in 
practice. “Visibility” is thus a key issue here for any future 
studies of HCI theory in practice. 
Future work that intends to bridge the gap between theory 
and practice may therefore involve reaching out to 
professional practitioners, e.g. by attending and publishing 
into industry-led UX conferences or by popularizing 
trajectories within organizations. Research through Design 
may also provide a way of understanding how theory can 
best be appropriated. We may though want to diverge from 
Gaver’s suggestion that artefacts should be annotated to give 
particular examples of theory in practice [11] (the outcome 
may be similar to Benford et al.’s mapping of trajectories to 
a description of Day of the Figurines [33]), and rather 
annotate the process of designing to understand how 
appropriation of theory happens. 
CONCLUSION 
Discussions about forms of knowledge in HCI (such as 
theory, or strong concepts) form an important part of our 
research communities. But more often than not—and 
perhaps understandably—these discussions lack an 
empirical contribution. In presenting a systematic, analytic 
review of the trajectories framework, we hope to offer both 
a contribution to help better understand HCI theory and at 
the same time, provide a way forwards for enriching the 
discussions around how HCI research treats theory. We draw 
three general conclusions from our analysis: 
First, conceptual frameworks such as trajectories could be 
justified as examples of theory under some contemporary 
definitions. However, they are not obviously like, or indeed 
grounded in, the kinds of theories that were previously 
imported into HCI in its earlier waves, one characteristic 
being the diversity of approaches through which they may be 
used. Are they instead a kind of “native” theory that is 
emanating from HCI? If so, might they eventually push back 
into other disciplines? 
Second, trajectories may also match the definition of a 
strong concept. If so, our analysis reveals that, beyond their 
construction as explored by Höök and Löwgren, the lifecycle 
of strong concepts involves complex structures and 
relationships within “knowledge space” through which 
concepts are brought together, and perhaps from which 
theories may emerge and eventually push upwards? 
Third, the method of literature analysis appears to be a useful 
way of charting the development and impact of such theories 
(as it was previously with the method of probes). We note 
that the approach might be easier to apply if some of the 
purposes and relationships we identified above were 
subsequently embedded into keywords or other publication 
metadata. Perhaps this would even make theories and strong 
concepts more open to reuse and recombination. 
While this is beyond the remit of the current paper, we finally 
note that one additional contribution of this method could be 
to consolidate existing additions to trajectories into an 
extended framework. For example, critiques about the 
closed-ended aspect of trajectories, combined with 
suggestions that trajectories may also serve open-ended [85] 
or “scaffolded” experiences [37], could lead to a typology of 
control ranging from designer-led to participant-led.  
DATA ACCESS STATEMENT 
Articles reviewed and their coding can be obtained at 
http://dx.doi.org/10.6084/m9.figshare.4524617  
ACKNOWLDGEMENTS 
Authors are supported by the UK’s EPSRC through grants 
EP/K504506/1, EP/M000877/1 and EP/K025848/1. 
REFERENCES 
We structure the references below in four sub-sections to 
distinguish trajectory sources and our corpus of works 
referencing trajectories from the rest of our references. 
General references 
1. Jeffrey Bardzell. 2009. Interaction Criticism and 
Aesthetics. In Proceedings of the SIGCHI Conference 
on Human Factors in Computing Systems (CHI ’09), 
2357–2366. https://doi.org/10.1145/1518701.1519063 
2. Christoph Bartneck and Jun Hu. 2009. Scientometric 
Analysis of the CHI Proceedings. In Proceedings of the 
SIGCHI Conference on Human Factors in Computing 
Systems (CHI ’09), 699–708. 
http://doi.org/10.1145/1518701.1518810 
3. Benjamin B. Bederson and Ben Shneiderman. 2003. 
The Craft of Information Visualization: Readings and 
Reflections. Morgan Kaufmann Publishers Inc., San 
Francisco, CA, USA. 
4. David Benyon. 2010. Designing Interactive Systems: A 
Comprehensive Guide to HCI and Interaction Design. 
Addison Wesley, Harlow, England; New York. 
5. Kirsten Boehner, Janet Vertesi, Phoebe Sengers, and 
Paul Dourish. 2007. How HCI Interprets the Probes. In 
Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (CHI ’07), 1077–1086. 
http://doi.org/10.1145/1240624.1240789 
6. John M. Carroll (ed.). 2003. HCI Models, Theories, 
and Frameworks: Toward a Multidisciplinary Science. 
Morgan Kaufmann Publishers Inc., San Francisco, CA, 
USA. 
7. Matthew Chalmers and Areti Galani. 2004. Seamful 
Interweaving: Heterogeneity in the Theory and Design 
of Interactive Systems. In Proceedings of the 5th 
Conference on Designing Interactive Systems: 
Processes, Practices, Methods, and Techniques (DIS 
’04), 243–252. 
http://doi.org/10.1145/1013115.1013149 
8. Andrew Crabtree, Tom Rodden, Peter Tolmie, and 
Graham Button. 2009. Ethnography Considered 
Harmful. In Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems (CHI ’09), 879–
888. http://doi.org/10.1145/1518701.1518835 
9. Alan Dix, Janet E. Finlay, Gregory D. Abowd, and 
Russell Beale. 2003. Human-Computer Interaction. 
Pearson, Harlow, England ; New York. 
10. Martin Flintham, Keir Smith, Steve Benford, Mauricio 
Capra, Jon Green, Chris Greenhalgh, Michael Wright, 
Matt Adams, Nick Tandavanitj, Ju Row Farr, Irma 
Lindt. 2007. Day of the Figurines: A Slow Narrative-
Driven Game for Mobile Phones Using Text 
Messaging, In Proceedings of the International 
Conference on Pervasive Games (Pergames ’07). 
11. William Gaver. 2012. What should we expect from 
research through design?. In Proceedings of the 
SIGCHI Conference on Human Factors in Computing 
Systems (CHI '12). ACM, New York, NY, USA, 937-
946. http://doi.org/10.1145/2207676.2208538 
12. Jonathan Grudin and Steven Poltrock. 2012. Taxonomy 
and theory in computer supported cooperative work. 
Handbook of Organizational Psychology. Oxford 
University Press, Oxford: 1323–1348. 
13. Jesper Kjeldskov and Jeni Paay. 2012. A Longitudinal 
Review of Mobile HCI Research Methods. In 
Proceedings of the 14th International Conference on 
Human-computer Interaction with Mobile Devices and 
Services (MobileHCI ’12), 69–78. 
http://doi.org/10.1145/2371574.2371586 
14. Jesper Kjeldskov and Mikael B. Skov. 2014. Was It 
Worth the Hassle?: Ten Years of Mobile HCI Research 
Discussions on Lab and Field Evaluations. In 
Proceedings of the 16th International Conference on 
Human-computer Interaction with Mobile Devices & 
Services (MobileHCI ’14), 43–52. 
http://doi.org/10.1145/2628363.2628398 
15. Yong Liu, Jorge Goncalves, Denzil Ferreira, Bei Xiao, 
Simo Hosio, and Vassilis Kostakos. 2014. CHI 1994-
2013: Mapping Two Decades of Intellectual Progress 
Through Co-word Analysis. In Proceedings of the 
SIGCHI Conference on Human Factors in Computing 
Systems (CHI ’14), 3553–3562. 
http://doi.org/10.1145/2556288.2556969 
16. Lokman I. Meho and Yvonne Rogers. 2008. Citation 
Counting, Citation Ranking, and H-index of Human-
computer Interaction Researchers: A Comparison of 
Scopus and Web of Science. J. Am. Soc. Inf. Sci. 
Technol. 59, 11: 1711–1726. 
http://doi.org/10.1002/asi.v59:11 
17. Alexander J. Quinn and Benjamin B. Bederson. 2011. 
Human Computation: A Survey and Taxonomy of a 
Growing Field. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems 
(CHI ’11), 1403–1412. 
http://doi.org/10.1145/1978942.1979148 
18. Dan Ramsden. 2015. User journeys, Trajectories and 
Transitions for UX designers. Retrieved September 20, 
2016 from http://danramsden.com/2015/10/23/user-
journeys-trajectories-and-transitions-for-ux-designers/ 
19. Yvonne Rogers. 2004. New theoretical approaches for 
human-computer interaction. Annual Review of 
Information Science and Technology 38, 1: 87–143. 
http://doi.org/10.1002/aris.1440380103 
20. Yvonne Rogers. 2012. HCI Theory: Classical, Modern, 
and Contemporary. Synthesis Lectures on Human-
Centered Informatics 5, 2: 1–129. 
http://doi.org/10.2200/S00418ED1V01Y201205HCI01
4 
21. Yvonne Rogers, Helen Sharp, and Jenny Preece. 2011. 
Interaction Design: Beyond Human-Computer 
Interaction. John Wiley & Sons Ltd, Chichester, West 
Sussex, U.K. 
22. Ben Shneiderman, Catherine Plaisant, Maxine Cohen, 
and Steven Jacobs. 2009. Designing the User Interface: 
Strategies for Effective Human-Computer Interaction. 
Pearson, Boston. 
23. Martin A. Simon. 1993. Reconstructing Mathematics 
Pedagogy from a Constructivist Perspective. Retrieved 
September 20, 2016 from 
http://eric.ed.gov/?id=ED364406 
24. Christa Sommerer and Laurent Mignonneau. 1999. Art 
as a living system: interactive computer artworks. 
Leonardo 32, 3: 165–173. 
25. Tracee Vetting Wolf, Jennifer A. Rode, Jeremy 
Sussman, and Wendy A. Kellogg. 2006. Dispelling 
“Design” As the Black Art of CHI. In Proceedings of 
the SIGCHI Conference on Human Factors in 
Computing Systems (CHI ’06), 521–530. 
http://doi.org/10.1145/1124772.1124853 
26. David Wood, Jerome S. Bruner, and Gail Ross. 1976. 
The Role of Tutoring in Problem Solving. Journal of 
Child Psychology and Psychiatry 17, 2: 89–100. 
http://doi.org/10.1111/j.1469-7610.1976.tb00381.x 
Trajectory original sources 
27. Steve Benford and Gabriella Giannachi. 2008. 
Temporal Trajectories in Shared Interactive Narratives. 
In Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (CHI ’08), 73–82. 
http://doi.org/10.1145/1357054.1357067 
28. Steve Benford and Gabriella Giannachi. 2011. 
Performing Mixed Reality. MIT Press, Cambridge, 
Mass. 
29. Steve Benford, Gabriella Giannachi, Boriana Koleva, 
and Tom Rodden. 2009. From interaction to 
trajectories: designing coherent journeys through user 
experiences. In Proceedings of the SIGCHI Conference 
on Human Factors in Computing Systems (CHI ’09), 
709–718. http://doi.org/10.1145/1518701.1518812 
Corpus of works citing trajectories 
Works co-authored by trajectory originators 
30. Steve Benford. 2010. Performing Musical Interaction: 
Lessons from the Study of Extended Theatrical 
Performances. Computer Music Journal 34, 4: 49–61. 
http://doi.org/10.1162/COMJ_a_00025 
31. Steve Benford, Chris Greenhalgh, Andy Crabtree, et al. 
2013. Performance-Led Research in the Wild. ACM 
Trans. Comput.-Hum. Interact. 20, 3: 14:1–14:22. 
http://doi.org/10.1145/2491500.2491502 
32. Steve Benford, Adrian Hazzard, Alan Chamberlain, et 
al. 2016. Accountable Artefacts: The Case of the 
Carolan Guitar. In Proceedings of the 2016 CHI 
Conference on Human Factors in Computing Systems 
(CHI ’16), 1163–1175. 
http://doi.org/10.1145/2858036.2858306 
33. Steve Benford, Irma Lindt, Andy Crabtree, et al. 2011. 
Creating the spectacle: Designing interactional 
trajectories through spectator interfaces. ACM 
Transactions on Computer-Human Interaction 18, 3: 
1–28. http://doi.org/10.1145/1993060.1993061 
34. Dimitrios Paris Darzentas, Michael A. Brown, Martin 
Flintham, and Steve Benford. 2015. The Data Driven 
Lives of Wargaming Miniatures. In Proceedings of the 
33rd Annual ACM Conference on Human Factors in 
Computing Systems (CHI ’15), 2427–2436. 
http://doi.org/10.1145/2702123.2702377 
35. Abigail Durrant, David S. Kirk, Steve Benford, and 
Tom Rodden. 2011. Pursuing Leisure: Reflections on 
Theme Park Visiting. Computer Supported 
Cooperative Work (CSCW) 21, 1: 43–79. 
http://doi.org/10.1007/s10606-011-9151-1 
36. Martin Flintham, Stuart Reeves, Patrick Brundell, et al. 
2011. Flypad: Designing trajectories in a large-scale 
permanent augmented reality installation. In ECSCW 
2011: Proceedings of the 12th European Conference 
on Computer Supported Cooperative Work, 24-28 
September 2011, Aarhus Denmark, 233–252. 
http://doi.org/10.1007/978-0-85729-913-0_13 
37. Lesley Fosh, Steve Benford, and Boriana Koleva. 
2016. Supporting Group Coherence in a Museum Visit. 
In Proceedings of the 19th ACM Conference on 
Computer-Supported Cooperative Work & Social 
Computing (CSCW ’16), 1–12. 
http://doi.org/10.1145/2818048.2819970 
38. Lesley Fosh, Steve Benford, Stuart Reeves, Boriana 
Koleva, and Patrick Brundell. 2013. See Me, Feel Me, 
Touch Me, Hear Me: Trajectories and Interpretation in 
a Sculpture Garden. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems 
(CHI ’13), 149–158. 
http://doi.org/10.1145/2470654.2470675 
39. Joe Marshall, Steve Benford, and Tony Pridmore. 
2010. Deception and Magic in Collaborative 
Interaction. In Proceedings of the SIGCHI Conference 
on Human Factors in Computing Systems (CHI ’10), 
567–576. http://doi.org/10.1145/1753326.1753410 
40. Joe Marshall, Florian “Floyd” Mueller, Steve Benford, 
and Sebastiaan Pijnappel. 2016. Expanding exertion 
gaming. International Journal of Human-Computer 
Studies 90: 1–13. 
http://doi.org/10.1016/j.ijhcs.2016.02.003 
41. Stefan Rennick-Egglestone, Patrick Brundell, Boriana 
Koleva, Steve Benford, Maria Roussou, and Christophe 
Chaffardon. 2016. Families and Mobile Devices in 
Museums: Designing for Integrated Experiences. J. 
Comput. Cult. Herit. 9, 2: 11:1–11:13. 
http://doi.org/10.1145/2891416 
42. Stefan Rennick-Egglestone, Maria Roussou, Patrick 
Brundell, Christophe Chaffardon, Vassilis Kourtis, 
Boriana Koleva, Steve Benford. 2013. Indoors and 
outdoors: designing mobile experiences for Cité de 
l’espace. In Proceedings of NODEM 2013. NODEM, 
Kista, Sweden. Retrieved September 10, 2016 from 
http://repo.nodem.org/?objectId=111 
43. Raphael Velt, Steve Benford, Stuart Reeves, Michael 
Evans, Maxine Glancy, and Phil Stenton. 2015. 
Towards an Extended Festival Viewing Experience. In 
Proceedings of the ACM International Conference on 
Interactive Experiences for TV and Online Video (TVX 
’15), 53–62. http://doi.org/10.1145/2745197.2745206 
Works not co-authored by trajectory originators 
44. Anne Adams, Elizabeth Fitzgerald, and Gary Priestnall. 
2013. Of Catwalk Technologies and Boundary 
Creatures. ACM Trans. Comput.-Hum. Interact. 20, 3: 
15:1–15:34. http://doi.org/10.1145/2491500.2491503 
45. Gabriella Arrigoni and Brigitta Zics. 2016. Fiction and 
curatorial practice: developing alternative experiences 
for digital artistic prototypes. International Journal of 
Performance Arts and Digital Media 12, 1: 82–94. 
http://doi.org/10.1080/14794713.2015.1133960 
46. Evan Barba. 2014. A theory of meaning for Mixed 
Reality walking tours. In 2014 IEEE International 
Symposium on Mixed and Augmented Reality - Media, 
Art, Social Science, Humanities and Design (ISMAR-
MASH’D), 43–50. http://doi.org/10.1109/ISMAR-
AMH.2014.6935437 
47. Evan Barba and Blair MacIntyre. 2011. A Scale Model 
of Mixed Reality. In Proceedings of the 8th ACM 
Conference on Creativity and Cognition (C&C ’11), 
117–126. http://doi.org/10.1145/2069618.2069640 
48. David Benyon. 2012. Presence in Blended Spaces. 
Interact. Comput. 24, 4: 219–226. 
http://doi.org/10.1016/j.intcom.2012.04.005 
49. David Benyon, Kristina Höök, and Laurence Nigay. 
2010. Spaces of Interaction. In Proceedings of the 2010 
ACM-BCS Visions of Computer Science Conference 
(ACM-BCS ’10), 2:1–2:7. Retrieved September 6, 
2016 from 
http://dl.acm.org/citation.cfm?id=1811182.1811185 
50. David Benyon and Oli Mival. 2015. Blended Spaces 
for Collaboration. Computer Supported Cooperative 
Work (CSCW) 24, 2–3: 223–249. 
http://doi.org/10.1007/s10606-015-9223-8 
51. David Benyon, Oli Mival, and Serkan Ayan. 2012. 
Designing Blended Spaces. In Proceedings of the 26th 
Annual BCS Interaction Specialist Group Conference 
on People and Computers (BCS-HCI ’12), 398–403. 
Retrieved September 6, 2016 from 
http://dl.acm.org/citation.cfm?id=2377916.2377974 
52. Elizabeth Bonsignore, Vicki Moulder, Carman 
Neustaedter, Derek Hansen, Kari Kraus, and Allison 
Druin. 2014. Design Tactics for Authentic Interactive 
Fiction: Insights from Alternate Reality Game 
Designers. In Proceedings of the 32Nd Annual ACM 
Conference on Human Factors in Computing Systems 
(CHI ’14), 947–950. 
http://doi.org/10.1145/2556288.2557245 
53. Anne E. Bowser, Derek L. Hansen, Jocelyn Raphael, et 
al. 2013. Prototyping in PLACE: A Scalable Approach 
to Developing Location-based Apps and Games. In 
Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (CHI ’13), 1519–1528. 
http://doi.org/10.1145/2470654.2466202 
54. Richard Byrne, Joe Marshall, and Florian Floyd 
Mueller. 2016. Designing the Vertigo Experience: 
Vertigo As a Design Resource for Digital Bodily Play. 
In Proceedings of the TEI ’16: Tenth International 
Conference on Tangible, Embedded, and Embodied 
Interaction (TEI ’16), 296–303. 
http://doi.org/10.1145/2839462.2839465 
55. Ilaria Canova Calori, Chiara Rossitto, and Monica 
Divitini. 2013. Understanding Trajectories of 
Experience in Situated Learning Field Trips. IxD&A 
16: 17–26. 
56. Teresa Cerratto-Pargman, Chiara Rossitto, and Louise 
Barkhuus. 2014. Understanding Audience Participation 
in an Interactive Theater Performance. In Proceedings 
of the 8th Nordic Conference on Human-Computer 
Interaction: Fun, Fast, Foundational (NordiCHI ’14), 
608–617. http://doi.org/10.1145/2639189.2641213 
57. Tim Coughlan, Anne Adams, and Yvonne Rogers. 
2010. Designing for Balance: Out There and In Here. 
In Proceedings of the 24th BCS Interaction Specialist 
Group Conference (BCS ’10), 468–473. Retrieved 
September 6, 2016 from 
http://dl.acm.org/citation.cfm?id=2146303.2146377 
58. Peter Dalsgaard, Christian Dindler, and Kim Halskov. 
2011. Understanding the Dynamics of Engaging 
Interaction in Public Spaces. In Proceedings of the 13th 
IFIP TC 13 International Conference on Human-
computer Interaction - Volume Part II 
(INTERACT’11), 212–229. Retrieved September 20, 
2016 from 
http://dl.acm.org/citation.cfm?id=2042118.2042140 
59. Ben Freeth, John Bowers, and Bennett Hogg. 2014. 
Musical Meshworks: From Networked Performance to 
Cultures of Exchange. In Proceedings of the 2014 
Conference on Designing Interactive Systems (DIS 
’14), 219–228. 
http://doi.org/10.1145/2598510.2598583 
60. Gesa Friederichs-Büttner, Benjamin Walther-Franks, 
and Rainer Malaka. 2012. An Unfinished Drama: 
Designing Participation for the Theatrical Dance 
Performance Parcival XX-XI. In Proceedings of the 
Designing Interactive Systems Conference (DIS ’12), 
770–778. http://doi.org/10.1145/2317956.2318072 
61. Sabiha Ghellal, Ann Morrison, Marc Hassenzahl, and 
Benjamin Schaufler. 2014. The Remediation of 
Nosferatu: Exploring Transmedia Experiences. In 
Proceedings of the 2014 Conference on Designing 
Interactive Systems (DIS ’14), 617–626. 
http://doi.org/10.1145/2598510.2600881 
62. Derek Hansen, Elizabeth Bonsignore, Marc Ruppel, 
Amanda Visconti, and Kari Kraus. 2013. Designing 
Reusable Alternate Reality Games. In Proceedings of 
the SIGCHI Conference on Human Factors in 
Computing Systems (CHI ’13), 1529–1538. 
http://doi.org/10.1145/2470654.2466203 
63. Kristina Höök and Jonas Löwgren. 2012. Strong 
concepts: Intermediate-level knowledge in interaction 
design research. ACM Transactions on Computer-
Human Interaction 19, 3: 1–18. 
http://doi.org/10.1145/2362364.2362371 
64. Eva Hornecker. 2016. The To-and-Fro of Sense 
Making: Supporting Users’ Active Indexing in 
Museums. ACM Trans. Comput.-Hum. Interact. 23, 2: 
10:1–10:48. http://doi.org/10.1145/2882785 
65. Chung-Ching Huang and Erik Stolterman. 2011. 
Temporality in Interaction Design. In Proceedings of 
the 2011 Conference on Designing Pleasurable 
Products and Interfaces (DPPI ’11), 62:1–62:8. 
http://doi.org/10.1145/2347504.2347572 
66. Alexander Kan, Martin Gibbs, and Bernd Ploderer. 
2013. Being Chased by Zombies!: Understanding the 
Experience of Mixed Reality Quests. In Proceedings of 
the 25th Australian Computer-Human Interaction 
Conference: Augmentation, Application, Innovation, 
Collaboration (OzCHI ’13), 207–216. 
http://doi.org/10.1145/2541016.2541038 
67. Michael Leitner, Bernhard Wöckl, Özge Subasi, and 
Manfred Tschelgi. 2010. Towards the Use of “Negative 
Effects” in Technology Design and Evaluation. In 
Proceedings of the 24th BCS Interaction Specialist 
Group Conference (BCS ’10), 443–447. Retrieved 
September 6, 2016 from 
http://dl.acm.org/citation.cfm?id=2146303.2146371 
68. Janet van der Linden, Yvonne Rogers, Tim Coughlan, 
et al. 2013. Evocative Computing – Creating 
Meaningful Lasting Experiences in Connecting with 
the Past. In INTERACT 2013 (Lecture Notes in 
Computer Science), 529–546. 
http://doi.org/10.1007/978-3-642-40483-2_38 
69. Janet van der Linden, Yvonne Rogers, Maria Oshodi, 
et al. 2011. Haptic Reassurance in the Pitch Black for 
an Immersive Theatre Experience. In Proceedings of 
the 13th International Conference on Ubiquitous 
Computing (UbiComp ’11), 143–152. 
http://doi.org/10.1145/2030112.2030133 
70. Christopher Lindinger, Martina Mara, Klaus 
Obermaier, Roland Aigner, Roland Haring, and 
Veronika Pauser. 2013. The (St)Age of Participation: 
audience involvement in interactive performances. 
Digital Creativity 24, 2: 119–129. 
http://doi.org/10.1080/14626268.2013.808966 
71. Sus Lundgren. 2013. Toying with Time: Considering 
Temporal Themes in Interactive Artifacts. In 
Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (CHI ’13), 1639–1648. 
http://doi.org/10.1145/2470654.2466217 
72. Sus Lundgren, Joel E. Fischer, Stuart Reeves, and Olof 
Torgersson. 2015. Designing Mobile Experiences for 
Collocated Interaction. In Proceedings of the 18th 
ACM Conference on Computer Supported Cooperative 
Work & Social Computing (CSCW ’15), 496–507. 
http://doi.org/10.1145/2675133.2675171 
73. Michael Massimi, William Odom, Richard Banks, and 
David Kirk. 2011. Matters of Life and Death: Locating 
the End of Life in Lifespan-oriented Hci Research. In 
Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (CHI ’11), 987–996. 
http://doi.org/10.1145/1978942.1979090 
74. Deborah Maxwell, Chris Speed, Karl Monsen, and 
Diego Zamora. 2015. Creating a Collaborative Space 
for Creativity Through a Pervasive User Experience. In 
Proceedings of the 2015 ACM SIGCHI Conference on 
Creativity and Cognition (C&C ’15), 255–264. 
http://doi.org/10.1145/2757226.2757234 
75. Sara Said Mosleh, Nele Schmidt, Tudor Teisanu, and 
Andrés Lucero. 2015. EgoFlecto: Stimulating Being 
Calm and in Control Through Self-reflection in the 
Context of Driving. In Proceedings of the 19th 
International Academic Mindtrek Conference 
(AcademicMindTrek ’15), 92–97. 
http://doi.org/10.1145/2818187.2818276 
76. Valentina Nisi, Enrico Costanza, and Mara Dionisio. 
2016. Placing Location-Based Narratives in Context 
Through a Narrator and Visual Markers. Interacting 
with Computers. http://doi.org/10.1093/iwc/iww020 
77. Bettina Nissen, John Bowers, Peter Wright, Jonathan 
Hook, and Christopher Newell. 2014. Volvelles, 
Domes and Wristbands: Embedding Digital Fabrication 
Within a Visitor’s Trajectory of Engagement. In 
Proceedings of the 2014 Conference on Designing 
Interactive Systems (DIS ’14), 825–834. 
http://doi.org/10.1145/2598510.2598524 
78. Brian O’Keefe and David Benyon. 2015. Using the 
blended spaces framework to design heritage stories 
with schoolchildren. International Journal of Child-
Computer Interaction 6: 7–16. 
http://doi.org/10.1016/j.ijcci.2016.02.001 
79. Stefan Rennick-Egglestone, Sarah Knowles, Gill 
Toms, Penny Bee, Karina Lovell, and Peter Bower. 
2016. Health Technologies “In the Wild”: Experiences 
of Engagement with Computerised CBT. In 
Proceedings of the 2016 CHI Conference on Human 
Factors in Computing Systems (CHI ’16), 2124–2135. 
http://doi.org/10.1145/2858036.2858128 
80. Chiara Rossitto, Louise Barkhuus, and Arvid 
Engström. 2016. Interweaving Place and Story in a 
Location-based Audio Drama. Personal Ubiquitous 
Comput. 20, 2: 245–260. 
http://doi.org/10.1007/s00779-016-0908-x 
81. Shenando Stals, Michael Smyth, and Wijnand 
Ijsselsteijn. 2014. Walking & Talking: Probing the 
Urban Lived Experience. In Proceedings of the 8th 
Nordic Conference on Human-Computer Interaction: 
Fun, Fast, Foundational (NordiCHI ’14), 737–746. 
http://doi.org/10.1145/2639189.2641215 
82. Petra Sundström, Axel Baumgartner, Elke Beck, et al. 
2014. Gaming to Sit Safe: The Restricted Body As an 
Integral Part of Gameplay. In Proceedings of the 2014 
Conference on Designing Interactive Systems (DIS 
’14), 715–724. 
http://doi.org/10.1145/2598510.2600882 
83. Nick Taylor, Tom Bartindale, John Vines, and Patrick 
Olivier. 2014. Exploring Delegate Engagement with an 
Augmented Conference. In Proceedings of the 2014 
ACM International Joint Conference on Pervasive and 
Ubiquitous Computing (UbiComp ’14), 833–843. 
http://doi.org/10.1145/2632048.2632068 
84. Robyn Taylor, John Bowers, Bettina Nissen, et al. 
2015. Making Magic: Designing for Open Interactions 
in Museum Settings. In Proceedings of the 2015 ACM 
SIGCHI Conference on Creativity and Cognition 
(C&C ’15), 313–322. 
http://doi.org/10.1145/2757226.2757241 
85. Robyn Taylor, Guy Schofield, John Shearer, Peter 
Wright, Pierre Boulanger, and Patrick Olivier. 2014. 
Nightingallery: theatrical framing and orchestration in 
participatory performance. Personal and Ubiquitous 
Computing 18, 7: 1583–1600. 
http://doi.org/10.1007/s00779-014-0763-6 
86. Joshua Underwood, Rosemary Luckin, and Niall 
Winters. 2011. Retelling Stories: Setting Learner 
Narratives in Resource Ecologies. In Proceedings of 
the 9th International Computer-Supported 
Collaborative Learning Conference (CSCL 2011), 
611–615. Retrieved September 12, 2016 from 
https://www.academia.edu/4633789/Retelling_Stories_
Setting_Learner_Narratives_in_Resource_Ecologies 
87. Niels Wouters, John Downs, Mitchell Harrop, et al. 
2016. Uncovering the Honeypot Effect: How 
Audiences Engage with Public Interactive Systems. In 
Proceedings of the 2016 ACM Conference on 
Designing Interactive Systems (DIS ’16), 5–16. 
http://doi.org/10.1145/2901790.2901796 
88. Daniel Yule, Bonnie MacKay, and Derek Reilly. 2015. 
Operation Citadel: Exploring the Role of Docents in 
Mixed Reality. In Proceedings of the 2015 Annual 
Symposium on Computer-Human Interaction in Play 
(CHI PLAY ’15), 285–294. 
http://doi.org/10.1145/2793107.2793135 
89. Farnaz Zangouei, Mohammad Ali Babazadeh Gashti, 
Kristina Höök, Tim Tijs, Gert-Jan de Vries, and Joyce 
Westerink. 2010. How to Stay in the Emotional 
Rollercoaster: Lessons Learnt from Designing EmRoll. 
In Proceedings of the 6th Nordic Conference on 
Human-Computer Interaction: Extending Boundaries 
(NordiCHI ’10), 571–580. 
http://doi.org/10.1145/1868914.1868978 
 
